Introduction
The recent development of bloodless techniques for measurement of mixed venous oxygen tension is an important development. In this method, the lung is used as an aerotonometer to equilibrate alveolar gas and mixed venous blood. The oxygen and carbon dioxide tensions of this gas are continuously sampled. When no further transfer of gas between blood and gas phases occurs, the gas in the rebreathing bag is in equilibrium with the mixed venous blood. The identity between mixed venous oxygen and alveolar gas tensions during rebreathing has been verified by Cerretelli et al. [3] and Denison et al. [4] . The study reported herein used the method of Cerretelli and co-workers [2] as modified by Farhi and co-workers [8] .
Materials and Methods
The subjects were 21 newborn infants ranging in age from 4 hr to 60 days and with birth weights from 1050 g to 3600 g. Infants 13 and 15 were small for dates; all the others were the appropriate weight for the gestational age. All were healthy at the time of study. Infants 11 and 14 received transfusions because of anemia. The tests were carried out with the infants swaddled in blankets to maintain body temperature. First, arterial blood was obtained from the temporal or right radial artery with the infant at rest, and pH, P C o 2 , and P O2 were determined [12] . The values obtained were corrected to the infant's body temperature. Immediately following, endtidal CO2 (PA C O 2 ) was determined with a rapid response infrared CO 2 meter [13] .
To obtain mixed venous P C o 2 (Pv C o 2 ) an d Po 2 (Pv O2 ), the infant rebreathed from a bag containing 75-125 ml of a gas mixture of 8 % CO2 in nitrogen. During rebreathing, gas was sampled from the bag at a rate of 100 ml/min, first through a microcuvette containing a Clark oxygen electrode [12] and then through an infrared CO2 analyzer. The two systems were in series and the signals from each were recorded on a Sanborn 159 recorder. The oxygen electrode was covered with a 3-/x Teflon membrane to increase the response time (90 % response time less than 1 sec). This membrane was stable for at least 30 min at 37°. The linearity of the system was established.
During the test, equilibrium between pulmonary venous blood and alveolar gas was achieved when a plateau was recorded for O2 and CO2 (Fig. 1) . The values presented for Pv C o 2 and Pv 02 are the average of three runs which varied by less than 0.5 %. A 5-min rest period was allowed between each run, during which time the calibration of the oxygen electrode was rechecked. The entire procedure required less than 30 min and no ill effects were noted. If no plateau for either P o , or P co , was obtained within 10 sec, the run was rejected. This period of time was believed to be well within the recirculation time for these subjects.
Evaluation of the Method
The theoretical and practical limitations of measuring Pv o , and Pv C o 2 have been discussed by Cerretelli et al. [2] and Farhi and Haab [7] . A large a-ACO 2 gradient with concurrent large dead space/tidal volume ratios may result in a delayed or elevated plateau for CO2. This is not a problem with oxygen because of the relative slopes of the dissociation curves for CO2 and oxygen. Recirculation may occur before a plateau is reached. This occurs in situations in which cardiac output is elevated or in which respiratory rate during rebreathing is slow. If a diffusion barrier exists, the achievement of an oxygen plateau may be delayed. This is important for oxygen because of the low tensions involved.
Cerretelli et al. [3] and Denison et al. [4] have demonstrated by catheterization studies an identity between blood and gas oxygen tensions when an equilibrium plateau is reached during rebreathing. Gurtner et al. [9] and Denison et al. [4] have shown that this method overestimates mixed venous CO 2 (Pv C o 2 ) by about 5 mm Hg. This results in only a slight underestimation of mixed venous oxygen saturation (Sv O2 ) and oxygen content (Cv O2 ) when Dill's nomogram is used.
The 3-,u Teflon membrane used to improve the response time of the oxygen electrode is delicate and subject to both tearing and drying. Care is needed in handling it. A 90 % response time of 0.3-0.5 sec is obtained with a 3-/x Teflon membrane, however. appear in Table I . Mixed venous P 02 varied from 10 to 43 mm Hg and showed no relation to postnatal age, body size, or arterial oxygen tension. Data derived from the measured values appear in Table II .
Discussion
The importance of knowledge of the mixed venous P O2 is that cardiac output and venous admixture may then be calculated according to the Fick principle. These calculations may be made from the data in Table I if it is assumed that: (7) a steady state exists during the period of sampling, and (2) the oxygen consumption of these infants is similar to others studied in our laboratory. Derivation of the cardiac output and venous admixture from the data could also be affected by the fact that arterial and venous gas tensions were determined sequentially rather than simultaneously, even though great care was taken to assure a steady state. The assumption of oxygen consumption can introduce an error, but the values used were obtained by us on a similar group of babies [10] under similar conditions and they closely agree with the values of others.
Previous workers have had to assume mixed venous oxygen tension in order to calculate cardiac output and venous admixture. This is more likely to cause a large error than the factors already discussed because of the steep slope of the hemoglobin-oxygen dissociation curve at venous tensions. Small changes in oxygen tension result in large changes of saturation. Blood at arterial Po 2 tensions is less susceptible to this effect. 1300  1240  1520  1520  1900  3460  2470  2400  1510  1580  1440  1350  1490  2200  2140  1070  1320  1520  970  1250  1440  1690  1530  1780  1810  1690  2160  1560  1880  1900  1960  1800  2130  2880  1680  1680  1680  1640  1640  1590  1310  1560 33  29  29  30  31  26  19  18  37  29  28  24  30  41  41  34  10  18  22  40  28  41  26  27  27  26  34  43   Pvco 2 ,   mm Hg   43  41  38  46  44  43  44  45  50  52  49  53  46  44  47  45  39  45   42   41   47   45  46  42  34  44  55  43  42  43  44  42  49  36  51  37  44  40  38  42  64  44  42 [6] . Oxygen capacity was determined by using Peters' factor [11] , hematocrit X 0.46. Pulse rate taken at the end of the experiment was used to calculate stroke vol- ume. Venous admixture was calculated using the Berggren shunt equation [1] :
Qs/Qt = (Cc O2 -Ga O2 )/(Cc O2 -Gv O2 )
The results of these calculations are seen in Table II . Systemic cardiac output was lowest during the 1st week of life, ranging from 50-100 ml/min/kg or 500-1500 ml/min/m 2 . An increase in calculated systemic output was noted as the infants became older. Venous admixture was under 30 % in most cases, but showed no tendency to rise or fall with time. The cardiac output calculations are recorded as systemic blood flow because the presence of a right-to-left shunt through the foramen ovale is a possibility, particularly in the first days of life.
A right-to-left ductus shunt would appear to be excluded because of a sampling site (right radial or temporal artery) proximal to its origin.
